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ABSTRACT

_ The "Plan for Integration of Aging and Life Extension," developed by
Technical Integration Review Group for Aging and Life Extension (TIRGALEX) in
May 1987, identified the safety-related nuclear power plant structures and
components (S/C) that should be prioritized for further evaluation by the NRC's
Nuclear Plant Aging Research Program (NPAR),

This report documents the results of an expert panel workshop established
to perform the S/C prioritization activity. Prioritization was primarily based
upon criteria derived from a specially-developed risk-based methodology. This
methodology incorporates the effect upon plant risk of both component aging and
the effectiveness of current industry aging management practices in mitigating
that aging.

An additional set of criteria used to categorize the S/C is the importance
of aging research on S/Cs to the resolution of generic safety issues (GSI)
and/or to identified NRC/NRR user needs. The resultant S/C categorization was
to provide additional information to decision makers, but was not used to
calculate final S/C ranks.
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EXECUTIVE SUMMARY

BACKGROUND AND PURPOSE

At the direction of the Executive Director for Operations (EDO), in April
1986 the NRC established the Technical Integration Review Group for Aging and
Life Extension (TIRGALEX) to develop a plan to integrate the NRC's aging and
life extension activities. In May 1987, TIRGALEX finalized its plan (TIRGALEX
1987); it was approved by the Office Directors of RES, NRR, NMSS, AEOD, and IE
and was reviewed by the representative from OGC. The TIRGALEX plan identified
the safety-related structures and components (S/Cs) that should be prioritized
for subsequent evaluation in the NRC Nuclear Plant Aging Research (NPAR)
Program.

The safety-related S/Cs that the TIRGALEX plan identified for evaluation
are listed in Table S.1. During the development of the technical information
for this workshop, ac/dc buses were found to have sufficient risk importance
and were added to the TIRGALEX 1ist. In its deliberations while developing the
plan, TIRGALEX specifically chose not to identify systems for potential study,
only the components of which the systems are comprised.

Pacific Northwest Laboratory was assigned the responsibility for prior-
itizing the TIRGALEX components for subsequent evaluation by the NPAR Program.

TABLE S.1. TIRGALEX List of Components ()

1. Reactor pressure vessel 16. Instruments and controls
2. Containment (metal and concrete) 17. Switchgear and relays

3. Other Category I concrete structures 18. Valves

4, Reactor coolant piping and safe ends 19. Pumps

5. Other safety-related ?iging 20, Motors

6. Steam generator (PWR) b 21. Turbines

7. Reactor coolant pump casing 22, Heat exchangers

8. Pressurizer (PWR) 23, Compressors

9. Control rod drive mechanism (CRDM) 24, Fans/chillers

10. Cables, connectors, and penetrations 25. Batteries
11. Emergency diesel generator 26. Battery chargers/inverters
12. Rea?t?r internals 27. Transformers

13. RPVAC) support (sliding foot) (PWR) 28. Fuel storage racks

14. Recirculation piping safe ends (BNR)(d) 29. Accumulator /Sanks

15. Snubbers 30. AC/DC buses‘®

(a) This list was not prioritized by TIRGALEX nor intended to be inclusive,

It was anticipated that components would be added if warranted by the
prioritization studies.

(b) Pressurized-Water Reactor.

(c) Reactor Pressure Vessel.

(d) Boiling-Water Reactor.

(e) Added since TIRGALEX report as result of analyses prior to the

expert panel workshop.
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SCOPE

PNL conducted an expert panel workshop to prioritize the TIRGALEX-
recommended set of nuclear power plant S/Cs.

Several considerations of the NRC and PNL provided the ground rules within
which the workshop was conducted. These were:

o TIRGALEX 1ist of components, with additions as the pre-workshop
studies or expert panel analyses may warrant

e aging of current plants (e.g., during their original license period)

e incorporate an understanding of aging and its effects (e.g., define
the contribution of S/C aging to plant risk)

e assess the adequacy of current industry practices for managing com-
ponent aging within acceptable levels of risk

e importance of S/C aging of individual components/component groups on
plant risk

e application of the "Risk Significance of Component Aging" (RSCA)
methodology (being developed by W. E. Vesely of SAIC under the NPAR
Program) to S/C prioritization

e use of operational failure data
e use of expert judgement through an interdisciplinary panel

] importance of ag1ng research on S/Cs to resolution of generic safety
issues (GSIs) an? identified Office of Nuclear Reactor Regulation
(NRR) user needs to aid NRC decision-makers, but not to formally
prioritize the components.

The expert panel consisted of the following membership: R. J. Budnitz,
Panel Chairman; P. J. Amico; P. L. Appignani; S. H. Bush; L. J. Chockie;
S. Kasturi; T. M. Laronge; and D. A. Wesely.

The panel membership represented expertise in a full spectrum of relevant
technical areas: PRAs, structures, electrical and mechanical components, com-
ponent reliability, materials behavior and failure analyses, in-service inspec-
tion, operations and maintenance, as well as safety, regulatory, and aging and
life extension issues.

(a) "User Need Letter--Nuclear Plant Aging Program" written by H. R. Denton to
E. S. Beckjord, dated April 9, 1987.
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The expert panel was supplied with the TIRGALEX 1ist of components, pri-
oritization criteria, prioritization methodologies, and technical support mate-
rial prior to the workshop. The panel used judgement to score the S/Cs for
each criterion and to rank the S/Cs relative to one another.

Two sets of prioritization criteria were provided, "risk-based" criteria
and "other technical" criteria.

The risk-based criteria were used to assess:

e the potential increase in plant risk from component aging; and

e the adequacy of current aging management practices for maintaining
risk at acceptable levels.
The other technical criteria were used to identify:

® Generic Safety Issues (GSIs) that could directly benefit from aging
research on an S/C; and

o Identified NRR user needs that could directly benefit from research
in the NPAR program on an S/C.

This categorization of S/Cs against these other technical criteria pro-
vides additional information to NRC decision-makers, but were not used to rank
the S/Cs. An overview of the workshop methodology is presented in Figure S.1.

The outputs from the expert panel workshop were the following:

Risk Significance of
Aging and Aging
Management Practices
Methodology

Importance of Aging
Research on Resolution
of GSls and NRR
User Needs

TIRGALEX- . .
Risk-Based | Categorization by _—
Recommended Prioritization e | Gthor Tochni Pnosr}gzed
S/C _ed'n ical

Operational Expert Expert

FIGURE S.1. Overview of Workshop Process
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structure and component prioritization for the risk-based criteria
(includes scores for each of the five criteria for each S/C and an
integrated ranking of all S/Cs)

structure and component categorization for the other technical cri-
teria (identification of those S/Cs for which aging research would be
expected to benefit the resolution of a GSI and/or an identified NRC
user need)

The remainder of this executive summary presents highlights in each of
these two areas.

PRIORITIZATION OF STRUCTURES AND COMPOMENTS USING RISK-BASED CRITERIA

The risk-based criteria were established through the development and
application of a state-of-the-art risk-based methodology, the Risk Significance
of Component Aging and Aging Management Practices (RSCAAMP) model.

The RSCAAMP model allows the assessment of both the risk significance of
component aging and the effectiveness of current industry management practices
for maintaining an acceptable plant risk level in the presence of component
aging. The RSCAAMP model was developed by enhancing the Risk Significance of
Component Aging (RSCA) methodology, which was developed to evaluate a
component's contribution to plant risk due to aging (Vesely 1987b, 1987c). 1In
the basic RSCA model, the change in a component's contribution to risk due to
aging is a function of the component's importance to risk (N), the rate at
which the component's failure rate is increasing due to aging (A), and the
interval during which the component is aging (L). The basic methodology has
been expanded from a treatmenz ?f individual, plant-specific components to a
treatment of component groups‘®’ for generic applications.

Equation (S.1) represents the basic model.

L2
AR = N x A X5, (S.1)
where AR = The change in plant risk due to the aging of a component.
The risk measure adopted for the S/C prioritization activity
is core damage frequency (CD/year).
N = The normal risk importance associated with the component. It is

the difference between the core damage frequency calculated in
the PRA when the component is always available and the core

(a) In the remainder of this report, we will use "component" to represent any
level of component aggregation, whether singular, as appropriate for RPV,
or multiple, as in motor operated valves.



damage frequency if the component is defined to be unavailable
[e.g. unavailability = 1.0; (ANSI/IEEE 1987)]. This risk
importance measure is expressed as the derivative of risk (aR)
with respect to component unavailability. ‘Hence, the units are
the same as those used for the risk measure (e.g., CD/yr).

A = The increase in failure rate (from the rate used in the PRA)
due to aging of the component. A is expressed as failures
per unit time squared [also termed. failure acceleration (Vesely
1987c¢)]. We use the units hr~ yr'l, or the annual increase
in hourly failure rate.

L = The interval during which the component is aging (e.g. between
overhauls); its units are months.

The product of the normal risk importance (N) and aging failure rate (A)
is termed the Core Damage Frequency Acceleration (CDFA):

CDFA = N x A . (S.2)
CDFA is also described as the “"risk significance of aging" (Vesely 1987c).

The basic RSCA methodology applies directly only to PRA-based components.
It uses risk importance as data calculated from four PRAs from NRC-funded
studies and uses aging failure rates calculated from information in the INEL
data base, generated for the NPAR Program.

Precalculated values of N, A, and CDFA were constructed from Equa-
tions (S.2) for the PRA-based components. The panel reviewed the PRA S/C list
and the risk importances (N) and aging failure rates (A) and made some changes
by disaggregating components, applying experience with newer PRAs and
judgements on relative failure rates of components.

Structures and components not appearing in PRAs fall into two categories:
1) those primarily intended to prevent core damage accidents and 2) those
designed to mitigate and control post-accident releases. Several components,
such as the RPV and reactor coolant piping, fall into each category. The panel
assigned the structures and components having a dual role to core damage pre-
vention. Solely based on judgment, the panel assigned the N and A values to
the non-PRA-based accident prevention components and incorporated them into the
existing lists for the PRA-based components. For S/Cs with the major role to
mitigate accident consequences, it was necessary to adopt an equivalent risk
importance value that reflected the panel's opinion of the overall significance
of accident mitigation to safety. The panel judged it appropriate to consider
the accident-mitigation S/C (containment), after a core damage accident has
occurred, to have a risk importance equal to the highest risk importance for
any of the accident-prevention S/Cs. This recognized that the containment pro-
vides a barrier to the release of radioactive materials to the public that is
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of equal importance to the RPV. Based on this assessment, the panel incor-
porated the N and A values for the accident-mitigation S/Cs into the previously
integrated lists for the accident-prevention S/Cs. For this final integrated
1ist of all S/Cs, the risk significance of aging (CDFA) was then calculated.

Enhancements were made to the basic RSCA model so that the effect of cur-
rent industry aging management practices on plant risk could be evaluated in an
expert panel framework. The enhanced model does this by 1) defining an accept-
able or control value of the component's aging risk contribution and identify-
ing those components for which risk contribution exceeds this value; 2) defin-
ing current industry aging management practices and evaluating their adequacy
for maintaining the risk contribution of these aged components within the con-
trol value; and 3) calculating the relative contributions to plant risk of aged
components given this defined adequacy of industry practices.

An acceptable or control value of AR was defined as being AR.. AR, is the
limit placed upon the additional contribution to plant risk due to the aging of
a component. The control value is established by considering the NRC's safety
goal core damage frequency as the measure of total plant risk. Then, a portion
of this goal value is allocated to each component such that the sum of the
individual component risk contributions will not exceed the goal value. The
allocated value for each component is the 1imit placed upon AR.. The panel
chose 1E-7 CD/yr as the working value for AR..

This control value of component risk contribution was then used to screen
from further consideration those components whose risk significance of aging
(CDFA) is so low that there is no need to assess the effectiveness of current
industry aging management practices upon them. The basis for this screening is
the increase in risk that would result if aging of the component were allowed
to continue, without overhaul or replacement, for the full 40-year design life
of the plant. This screening criterion was applied to the integrated 1ist of
PRA-based, non-PRA-based accident prevention, and accident mitigation compo-
nents, for which the panel had previously developed N and A values (and for
which CDFA values were then calculated). A few components were eliminated.
The remaining components are with risk significance of aging sufficiently high
that adequate aging management practices are required to bring component risk
contributions down within AR..

To assess the adequacy of the current industry aging management practices
in controlling the changes in risk due to aging, an acceptable or control
overhaul interval, LC, was defined:

2 x ARC
¢~ TTOFR (5.3)

For the panel to evaluate the adequacy of current aging management prac-
tices, a value for L that is representative of current industry practice is
required. First, La t was defined as the actual (effective) interval between
component overhauls %hat is representative of current industry practice for
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that component. Next, the ratio of L to L. (the control overhaul interval)

was defined to represent the adequacyag currgnt practices in controlling risk:
act } _ adequacy of current industry aging management (5.4)
LC practices in controlling risk *

The effect of industry aging management practices on the risk contribution of
an aged component is represented by:

L 2
_ act
AR = ARC X T (S.5)
c
If industry practices are adequate,
2
ECt <1, and &R < AR (S.6)
c

That is, the risk increase due to aging, when aging is adequately managed,
remains within an acceptable value.

If industry practices are not adequate,
2

L
) 51, and R > MR (5.7)
C

That is, the risk increase due to aging, when aging is inadequately managed,
exceeds the acceptable value.

Then, L,.. was defined in terms of parameters that allow the elicitation
of quantitative input relative to the adequacy of current aging management

practices, and to do so in terms of both the adequacy of aging detection prac-
tices and the adequacy of aging mitigation practices.

L.
L = ind (5.8)
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where Lact = The actual (effective) interval, representative of current
industry practices, that the component ages without mitigation.

= The surveillance/test interval representative of current industry
practices. The panel limited L;. , to the surveillance/test
interval for the risk s1gn1f1cang failure mode (e.g., that used

to generate N).

Pp = The probability of successfully detecting aging degradation in
the component within the surveillance/test interval. The panel
limited this aging degradation to that causing the increased rate
of risk significant failures (A), these being for the failure
mode used to define N.

PR/D = The probability of successfully mitigating this aging degradation
process, given its successful detection in the component (e.g.,
the aging clock returned to zero or “good as new").

L1'nd

The resultant, fully developed equation for the RSCAAMP model becomes:

L 2
1 ind
AR =NxAx 5 |57—— (5.9)
2 (; X PR/D)

The factors N, A, L. ., ps and Pp,n are used as the S/C prioritization
criteria. Each factor is norma11zed 1néo a scoring scheme, with a score of 5
representing the highest risk effect from that factor and 1 representing the
lowest risk effect on a logarithmic scale (see method described in Appendix B).
The scores for each S/C are accumulated (addition of logarithms) to obtain a
figure of merit (FOM), which represents the AR value for that S/C. Final rank-
ing (prioritization) of the S/C is based upon these calculated AR values. This
ranking incorporates both the risk significance of aging and the effectiveness
of industry practices in maintaining aging within an acceptable risk Tlevel.

The process used by the expert panel for the risk-based prioritization of
the TIRGALEX S/Cs is summarized in Figure S.2. In applying the RSCAAMP model
to prioritization of the TIRGALEX components, the expert judgement was used to:

e disaggregate the TIRGALEX S/Cs

e evaluate the pre-calculated values for normal risk importance (N) and
failure rate increase due to aging (A) for the PRA-based components

e generate estimates of N and A for the non-PRA-based S/Cs

® generate estimates of the effectiveness of current industry aging
management practices (Lind’ Pps and PR/D) for all S/Cs

e provide an integrated ranking of the PRA- and non-PRA-based
components.

Table S.2 presents the components identified by TIRGALEX, the 4-plant
PRAs, and the final list evaluated by the expert panel.
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TIRGALEX List of Components
(Table 1.1)

Expert Panel List of Components and Structures
(Table 2.2)

|

Accident Prevention S/Cs Accident Mitigation S/Cs

I
PRA-Based S/C Non-PRA-Based S/Cs
Panel Reviews Panel Estimates Panel Estimates
Estimates of N Values of N Equivalent N Value
(Table 2.3) (Table 2.3) (Table 2.3)

| I
Panel Reviews Panel Estimates Panel Estimates
Estimates of A Values of A Values of A

(Table 2.4) (Table 2.4) (Table 2.4)

Integration of all S/Cs

Evaluate Values
for Credibility

& Apply Screening
Criterion

(Table 2.5)

Panel Estimates L: p
PR/D (Tab]e 2.6) ind> "D

Rankings Based on

N-A,L',P’P SAR
(%ab]e %Tg) D> "R/D

Criteria Scores
and S/C Ranks
(Table 2.8)

FIGURE S.2. Expert Panel Process for Risk-Based Prioritization
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TABLE S.2.

TIRGALEX Groups

4-Plant PRA Components

Structures/Components Evaluated by Expert Panel

Components Chosen
by the Expert Panel

10,

1.
12,
13.
14,

15,
16.

17.

Reactor pressure vessel
(RPV)

Containment

Other Category |
structures

Reactor coolant piping
(RCP) and safe ends (SE)

Other safety-related
piping (SRP)

Steam generator (S/G)

Reactor cooiant pump (RCP)
casing

Pressurizer
Control rod drive

mechanism (CRDM)

Cables, connectors, and
penetrations

Diesel generator
Reactor internals
RPY support (PWR)

Reclraulation piping safe
ends

Snubbers

Instruments and Controls
(13C)

Switchgear/relays

11, Dlesel generator

14, Small LOCA, BWR

16. Instruments and Controls
(18C)
a, Thermostat

7. Switchgear/relays
a. Relay (load)
be Clrcuit breaker
Cc. Transfer switch
d. Bistable trip unit

5.

10,

11,
12,
13,

15.
16,

17,

RPY

Contalinment
a. BWR
b. Other

Other Category | structures

RCP & SE

a., Large LOCA

b. Small LOCA, PWR
c, Small LOCA, BWR

Other SRP (a)
a, Large (10-24 in,) qéae
b, Small (6-10,) pipe

Steam generator
a., S/G tube
b. S/G shell

RCP casling

Pressurizer

CRDM
a. BWR
b. PWR

Cables, connectors,

a, Cables

be Connectors

(* Penetrations as part of
contalnment)

Diesel generator
Reactor Internals

RPY support (PWR)

Snubbers

Instruments and Controls
(1&C)

a, Thermostat

be Transfer swlfc?
c. Bistable trip

(c)
c)

Switchgear Relays
a. Relay
be Circuit breaker



TIRGALEX Groups

TABLE S.2. (contd)

4-Plant PRA Components

Components Chosen
by the Expert Panel

20,

21,

22,

23,

24,

25,
26,

27,
28,
29,

30,

Valves

Pumps

Motors

Turbines

Heat exchangers

Compressor

Fans/chillers

Batteries

Battery chargers/inverters

Transformers
Fuel storage racks

Accumulator /tanks

AC/DC bus

(a)
(b)

(c)
(d)
(e)

18,

19,

21,
22,

24,

25,
26,

27,

29,

30,

Valves

a. Alr-operated valve (AOV)

bs Check valve

¢. Hydraulic valve

d. Manual valve

8. Motor-operated valve
(MOV)

f. Safety/relief valve
(S/RV)

Pumps

a Motor driven pump
b. Turbine driven pump

Turbines
Heat exchangers

a., Heat exchangers
be Alr conditloners

Fan

Batteries

Battery chargers/inverters
a, Battery chargers
be inverters

Transformers

Tank

AC/DC btuses
a. AC bus
b. DC bus

19,

20,

21,

22,

23,

24,

25,
26,

27,
28,
29,

30.

31,

Valves

a, Alr-operated valve
b. Check valve

c. Hydraulic valve

d. Manual valve

8. Motor operated valve

f. Safety/relief valve

Pumps
a. Motor driven pump
b. Turbine driven pump

Motors (included in valves,
pumps, etc.)

Turbines

Heat exchangers

Conpressor(d)

a. Chlller
b. Fan

Batteries

Battery chargers/inverters
a, Battery chargers

b. Inverfers( )

c. Rectlfier'®

Transformers

Fuel storage racks
Tanks

a, Medium pressure tank

b. Atmospheric pressure tank
c. High pressure tank

AC/DC buses
a. AC bus
b. DC bus

Bolts

Represented by service water system piping for which HP| could not keep up If break occurred.
Represented by piping in letdown and reactor water cleanup (RWCU) systems, for which HPI could
Just keep up if small break occurred,

Moved by panel from S/C-17, 4-Plant FRA.

Compressors in Instrument Air System,

Moved by panel from non-assigned S/C (see Table 2.1),
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Table S.3 presents the scores for the prioritization criteria and the
final integrated ranking of the S/Cs. The S/Cs are arranged in decreasing
order of their contribution to plant risk increase. Those components whose
AR(40) values were below 1lE-7 CD/yr and were not evaluated for adequacy of
aging management practice are included in this table; their rankings are placed
at the nominal value of one (1). To stay within the guidelines of considering
aging only in the context of the current 40-year license period, the calcula-
tions of Lact (Equation S.8) were truncated to a value of 480 months.

The impact on component risk contribution of aging and aging management
practices, as well as the component's normal risk importance, were evaluated.
For the top-ranked components (ranks 5 and 4), all of these factors were
significant; no one factor was dominant.

The importance of including component aging and its management in assess-
ing plant risk was dramatized by some unexpected findings. Some components not
considered in PRAs were found in the top rank (rank of 5) for risk contribution
(cables, connectors, small safety-related piping); conversely, concrete struc-
tures and diesels that are considered in PRAs to be significant contributors to
plant risk were found in the lower ranks (ranks of 2 and 4, respectively); and,
perhaps as significant, is the number of "abundant small components" (e.g.,
small other safety-related piping, cables, connectors, and S/G tubes) found in
the top ranking (four of the five groups ranked 5) when one might intuitively
have thought of the major non-redundant, defense-in-depth structures (RPV and
containment) to be top-ranked [RPV was ranked 3, containment (other) ranked 2,
with only the special case of the BWR-Mk-1 containment (due to aging)
ranked 5]. ,

If L .t had not been truncated, several components would have L, . values
well above 480 months and, as a result, would have higher final risk increase
values. This impacts the consideration of plant relicensing. If a nuclear
plant were allowed to operate beyond 40 years, the ineffectiveness of aging
management practices represented by the components' untruncated values would
result in continuing and increasing risk. (Note: this assumes no change in
those practices.) Of particular concern would be S/C-1: RPV, S/C-2b: contain-
ment-other, and S/C-3: other concrete structures since these are permanent
structures (though the possibility of RPY replacement has been considered).

Table S.4 presents the current status of component research in the NRC
Plant Aging Research Program for the ranked components (from Table S.3).

PRIORITIZATION OF STRUCTURES AND COMPONENTS USING "OTHER TECHNICAL" CRITERIA

TIRGALEX S/Cs were categorized using the other technical criteria, e.qg.,
the importance of aging research on S/Cs to the resolution of GSIs and/or to an
identified NRC/NRR user need.
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TABLE S.3. Structures/Components Prioritization Criteria
Scores and Final Rankings (Truncated to 40 years)

Risk
N A L P P Incréase
Component Score Score S&Bpe chre S%épe Rank

le.f.

26.b.
16.b,
15,
18,c,
21,
16.c,
18.d.
26.a.
29.b,
26.c,
29,a,
9.b.

(a) 5(b)

2
5(p)

Small other safety pipe
Cables

Contalnment (BWR)
Connectors

S/G tube

Turbine pump

Relay

Diesel

RX Internatls

Breaker

Motor operated valve
BWR plpe (small LOCA)
Motor pump (e)
Large other safety pipe
Thermostat

Chlllers

RPY

Battery

Compressor (instr, alr)
Alr operated valve

DC bus

CRDM (BWR)

Check valve

Fan

Heat exchanger

Bolts

AC bus

Safety/relief valve
Contalnment (other)
Other concrete structures
Transformer

Inverter

Transfer switch
Snubbers

Hydraulic valve

Turbine

Bistable

Manual valve

Battery charger

Tank (atmos. pres.)
Rectifler

Tank (medium pres,)
CRDM (PWR)

Py
o
~

NRNNNNONNNNRNUVWWLWLLHWWLWWE L AEMULIWN
L)
o
~

2(b)

POt ot ot st s et IV = B = IRNNEBNNWUNWWKRNWE BN B WU &
et U a WNWWW MR VN 2~ R =BNANN=AEBRR=BRUNEUUNNUBSUVUWWRNS
VRNNNAWBRWLHUWRN WA R WUW =W WWWN = = MWW W B e GN == & A a S
VUMW N = UN =W BLNUV WU UON VDWW A NNUIWSBENUWUIW S WA = v
=N N U Dt e bt et B Bh e h ot st e o s s e U] e o et ot et et et e e B o N e

—d h ok e b b et b ok b b b

(d)

6.b.
29.c.
4.a,

13,
28,
4.b.

Pressurizer

S/G shell

Tank (high pres,)

RC P & SE large (LOCA)
RC P caslng

RPV support

Fuel rack

PWR plipe (small LOCA)

N = ot ottt s o]
-t b b b s ot
]
1
i
]
1
1
— sy b bt s o)

(a)
(b)
(c)
(d)

6-10 in, plpe represented by letdown and RWCV systems (see Table S5,2).

L for these components was truncated to a maximum of 40 years (480 months),
13954 In, pipe represented by service water system piping (see Table S.2),
Components below this line were eliminated from further consideration by
screening criterion,
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TABLE S.4. Status of Aging Research on Ranked Components

Components of

AR Research Interest But

Component Rank on~-going Not In Scope
S5.b. Smal! other safety plpe(a) 5 X
10,a, Cables 5 X

~
[=A
-~

2,3, Contalnment (BWR)
10,b, Connectors

6.a. S/G tube

19,b, Turbine pump

17,2, Relay

11, Diesel

12, RX internals

17.b. Breaker

18.e. Motor operated valve
4,c, BWR pipe (small LOCA)
19,a, Motor pump (d)
5.a, Large other safety plpe
16,2, Thermostat

24.a, Chillers
1, RPY

25, Battery

23, Compressor (lastr, air)
18.a. Alr operated valve

30.b, DC bus

9.,a, CRDM (BWR)

18,b, Check valve

24,b, Fan

22, Heat exchanger

31, Bolts

30.,a, AC bus

18.f, Safety/rellief valve
2,b. Contalnment (other)
3. Other concrete structures

27, Transformer

26,b, Inverter

16.bs Transfer switch

15, Snubbers

18.,c, Hydraulic valve

21, Turbline

16,c, Blstable

18.d. Manual valve

26,a, Battery charger

29,.b, Tank (atmos, pres.)

26.c. Rectifler

29.,a, Tank (medium pres,)
9,b, CROM (PWR)

(c)

OXXXXXOXXX:XO

X OX X X X XX X

[T S L R S RN R SERR SRR RRC TR RC RV AV RV RV AV AV I R oI R RS AL
o

XOXOXOXOOX OX X

(e)

8. Pressurizer

6.b, S/G shell
29,c. Tank (high pres.)
4,a, RCP & SE large (LOCA)
7. RCP casling

13. RPVY support
28, Fue! rack

4.b, PWR pipe (small LOCA)

— b a b ot = ama
o O

X OX OX:

(a) 6-10 in. pipe represented by letdown and RWCV systems (see Table S5.2).
(b) O0: no activity or plan,
(c) Completed FY87,
(d) 10-24 in, pipe represented by service water system piping (see Table Se2)e
{e) Components below this llne were eliminated from fu!l evaluation
by the screening criterion,
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The Tist of potentially important safety issues comes from two sources:
1) a list of GSIs with elements of aging that may benefit from NPAR results;
and 2) additional issues discovered as a result of a pre-workshop review of all
GSIs.

The TIRGALEX S/Cs were initially screened to identify those S/Cs for which
these GSIs could directly benefit from aging research. This prescreening took
account of the technical content and available schedules associated with the
resolution of the GSIs and with the NRC Plant Aging Research Programs (Vora
1987). Where there was a direct technical connection (i.e., aging was involved
in the issue) and the time scales appeared to be compatible, aging research on
the S/Cs was identified as potentially having a direct benefit. On the other
hand, some S/Cs were clearly not associated with the 1list of GSIs, aging was
not directly related to the issue, or time scales were incompatible with their
resolution; aging research on these S/Cs was classified as not beneficial. All
GSI evaluations were presented to the panel for discussion and final categori-
zation as whether aging research would benefit or not benefit the resolution of
the GSIs. A few GSIs considered relevant, but which were not identified in the
current GSI resolution schedule, were also presented to the panel for
consideration.

NRR user needs were expressed in the "User Need Letter". In the letter,
NRR expressed the need to "... know not only the effects of aging on
structures, systems and components, but also the risk significance..." of the
process. The "User Need Letter" was reviewed for components deemed to be
important by NRR,

In the panel's judgement, many of the generic issues that deal with equip-
ment performance were expected to directly benefit from aging research (sched-
ule permitting), and that further aging research on the components identified
from the user needs letter would be of benefit to NRR., Table S.5 shows the
components’ ranking based on risk, S/Cs for which aging research would benefit
the resolution of a GSI and/or a NRC/NRR user need and those S/Cs for which
current aging research is not already on-going. Only for Rx internals (meeting
GSI and user needs criteria), pressurizer (GSIs), and bolts (GSI) and hydraulic
and manual valves (GSI and user needs) is aging research not already on-going.

CONCLUSIONS AND RECOMMENDATIONS

The expert panel workshop was conducted to prioritize the TIRGALEX set of
nuclear power plant S/Cs for further evaluation within the NRC Nuclear Plant
Aging Research Program. The prioritization was primarily based upon risk-based
criteria; other technical criteria were used to categorize those S/Cs for which
aging research would benefit the resolution of GSIs and/or identified NRC/NRR
user needs but were not used to rank the S/Cs.

From the S/C prioritization using risk-based criteria, the major conclu-
sions from the workshop are the following: 1) the prioritization of S/Cs was
accomplished by an expert panel using the multi-factor RSCAAMP methodology.
Analysis of the results showed that all the factors of this methodology are
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TABLE S.5. Status of Aging Research on S/Cs Ranked by Risk
Importance and Other Technical Criteria

Aging Research
| mportant to
Resolution of: Aging Research Not
AR User On-Golng or
Component Rank GS1 Need of Current Interest

Sob'
10.a.
2,a,
10.b.

19,b.

18.a,
30.b.
9.a,
18,.b.
24,.b,
22,

31,

30,2,
- 18,.f,
2,b.

27.
26.b,
16,.b.
15,
18.c,
21,
16.c,
18.d,
26,3,
29,b.
26.C.
29.a,
9.b,

Small other safety pipe(a)

Cables

Containment (BWR)
Connectors

S/G tube

Turbine pump

Relay

Diessl

RX Internals

Breaker

Motor operated valve
BWR plipe (small LOCA)
Motor pump (d)
Large other safety plpe
Thermostat

Chillers

RPY

Battery

Compressor (instr. air)
Alr operated valve
DC btus

CRDM (BWR)

Check valve

Fan

Heat exchanger

Bolts

AC bus

Safety/relief valve
Contalnment (other)
Other concrete structures
Transformer

Inverter

Transfer switch
Snubbers

Hydraullic valve
Turblne

Bistable

Manual valve

Battery charger

Tank (atmos, pres,)
Rectifier

Tank (medium pres,)
CROM (PWR)

x,x(b)

X

(c)

XX XXX XXX
-
X
-
X
X

XX, %

- .
X X

X
X

X, %X X

o O O oo

6.b,
29,.c.
4,a,

13.
28,
4,b,

—{ o)
Pressurlzer

S/G shell

Tank (high pres,)

RCP & SE large (LOCA)
RCP casling

RPY support

Fuel rack

PWR pipe (small LOCA)

-t et b et e b |t ot et et S et et et B = NDNDNRNRNNNNNNNNNWWUWWUHWRWWW WS BBV
X X
x
oo

(a)
(b)
(c)
(d)
(e)

6-10 in, pipe represented by letdown and RACV systems (see Table 5.2),
More than one "x" indicates multiple GS! and/or user need entries,

Comp leted FY87.

10-24 in. pipe represented by service water system piping (see Table S.2),
Components below this line were eliminated from full evaluation by the
risk-based screening criterion,
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equally important to an assessment of the relative risk importances of aged
components. Further, the importance of including component aging and its man-
agement in assessing plant risk was dramatized by the unexpected findings in
the top-ranked components. 2) Current aging research warrants reevaluation:
many low-ranked S/Cs (ranks 1 and 2) are under study and others are considered
to be of interest; two of the components in the top two ranks (ranks 5 and 4)
are not currently being studied in the Plant Aging Research Program [contain-
ment (BWR-Mk-1) and RX internals]. 3) The panel's deliberations and findings
highlighted the need for improved PRA and aging-failure data bases, the short-
falls in current industry practices for detecting aging for risk-significant
failure modes in components and structures, and the usefulness of the method-
ology for focusing of research and regulatory actions and for providing to
utilities areas to address in order to reduce the risk-contribution of their
aged components. 4) This study should be viewed as a starting 